INTRODUCTION
The data presented in this paper were obtained from several dogs following experimental obstruction of the pylorus. The experiments were undertaken with the purpose of learning the chief factors in the causation of the rapid dehydration which follows pyloric obstruction and of explaining the prevention or repair of this change which is obtained by introducing sodium chloride and water into the body.
In undertaking to investigate the cause of a reduction of the volume of body water it should at once be admitted that we have as yet only a fragmentary knowledge of the many parts of the regulatory mechanism which under usual circumstances accomplishes the remarkable adjustment of maintaining, in several elastic compartments, a closely stationary total volume of water. Certain gross data are, however, at hand which fairly satisfactorily serve the purposes of this study. It has been shown that in the presence of considerable reductions of the volume of body water the total concentration of dissolved electrolytes tends to remain stationary (1, 2) . It is therefore probably permissible to postulate a close dependence of the volume of body water on the total quantity of dissolved electrolytes which the body contains. In this study the premise is used that a withdrawal of the electrolytes of the body fluids will be accompanied by a proportionate reduction of the volume of body water and that this change can only be repaired by replacing both the lost water and the lost electrolytes.
The relative structural importance of each of the electrolytes in blood plasma is indicated by the diagram in figure 1 NO. 5 their average normal concentrations in terms of acid-base equivalence.2 As may be seen Na constitutes nearly all of the plasma base and Cl' is the chief factor on the acid side. The acid-base balance of this structure is preserved by the immediate and automatic adjust-CC. 0.1 N. per ioo Cc. of pIlama. The factors are superimposed; those of base in the left hand, and those of acid in the right hand column. 2 In this diagram the plasma salts are represented as completely dissociated.
In order to simplify discussion of the interrelationship of the structural factors in the plasma, the presence of relatively very small concentrations of molecules is ignored and the plasma structure is regarded as composed of separately determined concentrations of ions. 4 El j 4 ment of (HCO '3) in the presence of a change in any of the other factors. Owing to this capacity of (HCO '8) for varying readily the total ionic concentration in the plasma, is determined by the concentration of the base. From these statements it may be deduced that a withdrawal of Cl' from the plasma will be replaced by an increase of (HCO'3) and will therefore not cause a reduction of the total concentration of ions. A loss of Na however is not so readily replacable and moreover also involves a loss of its equivalence of HCO'3. Loss of Cl' thus does not deplete the ionic content of the plasma, whereas loss of Na' does and doubly. This point is presented here for the reason that a chief purpose of this study is to demonstrate that a loss of Na' from the body is the essential factor in the rapid dehydration which follows obstruction of the pylorus. Following pyloric closure, (Cl') in the plasma is reduced to a greater extent than (Na'). If these defects in the ionic structure are correctly repaired by the introduction of NaCl into the body, more of Cl' than of Na' must be retained. Data were obtained from urine specimens collected during a period of NaCl administration which imustrate the adjustments used in defense of (Cl') in the body fluids in the presence of an excess of Na' presenting for excretion in urine.
EXPERIMIENTAL Experiment I
Protocol: Male dog. Weight 17.3 kilos. Under ether anesthesia the stomach was severed just above pylorus and closed by means of a purse string suture. The proximal end of the duodenum was closed in the same way. The abdominal wound was strongly stitched and protected by means of a gauze and collodion dressing. The dog was permitted to drink water freely. Moderate but definite muscular twitchings were observed beginning about 16 hours after the operation. No convulsions were seen. The animal became very dull and feeble about 40 hours after the operation, and 10 hours later was found dead.
In table 1 are given measurements of bicarbonate, chlonrde, urea, and protein in samples of blood serum obtained before and at intervals following the operation. The measurements illustrate the changes which have been found (3, 4, 5) to follow characteristically experimental dosure of the pylorus. As may be seen, there occurs a large reduction of plasma chloride, an event -readily explained as due to a withdrawal of Cl' from the body in consequence of a continued vomiting of gastric secretions. The fall in plasma chloride it will be noted is accompanied by a nrse in bicarbonate. Another outstanding change is a rapid and extensive dehydration of the plasma indicated by a progressive increase in the concentration of protein. A moderate impairment of renal function shown by a rise in the urea content of the plasma may reasonably be referred to the lack of water intake, there being practically no absorption of the water taken into the stomach. A relationship of the chloride reduction and bicarbonate increase is shown by placing in table 2 the measurements of these two values expressed in equivalent terms, viz., as cubic centimeterof tenth normal solutions per 100 cc. of plasma. If the concentration of fixed base in the plasma remains stationary a reduction of (Cl') may be expected to produce an equivalent extension of (HCO3'). That is, base released by Cl' will be immediately balanced by HCO'3 derived from the free carbonic acid in the plasma and this in turn replenished from the CO, production in the body. As may be seen in the table, (Cl') + (HCO8') is almost the same before and 18 hours after operation. However, 29 hours and 42 hours after closure of the pylorus (Cl') + (HCO'3) is found to be less then the initial sum of these values, indicating that extension of (HCO3') is less than the lowering of (Cl'). This lack of full replacement of Cl' by HCO3' suggests a loss of fixed base from the plasma. That this occurs following experimental obstruction of the pylorus has been thoroughly shown by Hastings, Murray and Murray (6) , and in our subsequent experiments. An analysis of the relationship of the changes in (Cl'), (HCO3') and (Na') is given in table 4, the measurements in Table 3 being here presented as cubic centimeters 0.1-N per 100 cc. of plasma. The pro-gressive decrease in the values for (Cl') + (HCO3') shows the diminution of chloride to be increasingly greater than the accompanying increase of bicarbonate. It was suggested above (experiment I) that this incomplete replacement of loss of (Cl') by increase of (HCO3') is probably due to a depletion of plasma base. The measurements of (Na), which constitutes more than 90 per cent of the total fixed base in blood plasma, show a progressive reduction in its concentration. Subtracting, however, the values for (Cl') + (HCO3') from those for (Na'), remainders are obtained which are progressively larger (see table 3 ). It is thus apparent that besides a loss of sodium.from the plasma some other factor is concerned in preventing the increase of bicarbonate from corresponding with the reduction of chloride.
To mlustrate further and explain the finding that bicarbonate increase is much less than would be the case were decrease in (Cl') the only factor determining (HC03%), the measurements given in table 4 are presented graphically by means of the diagrams in figure 2 . The left hand column represents the sodium concentration plus the usual average value for the sum of the other three plasma bases, CC.
PYLORUS OBSTRUCTED. (HC03') and then the (Cl') measurement. The remainder of the base column is balanced (see figure 1 ), by the relatively small concentrations of HPO4", SO4", organic acids and the base equivalence of the plasma proteins. These factors, except in the case of HPO4", were not measured and their sum is designated R in the diagrams. It is at once apparent in figure 2 that there occurs a large and progressive increase of R and that this change exerts quite as large a limitation of the increase of (HCO3') which tends to follow recession of (Cl') as does the loss of sodium. The broken lines across the diagrams indicate the extent to which reduction of base and increase of R respectively limit (HC03'). 3 show that (HPO4"), one of the factors in R, was double its usual value in sample no. 4. But this factor is in the first instance so small (see figure 1) that this large relative increase explains to only a slight extent the total increase of R. Increase of the usually even smaller concentration of SO4" to an extent appreciably altering R seems improbable. The usual value for the concentration of organic acid radicals en route for excretion is not accurately known. The single measurement of ketone acids obtained from sample no. 4 and given in table 4 indicates that there was no accumulation of these acids and indeed such accumulation would scarcely be possible following the administration of glucose solution. The most probable explanation of a considerable part of the increase of R is an increase of the base equivalence of the plasma proteins due both to the absolute increase in their concentration and to a shift presumably, in consequence of the bicarbonate increase, of the reaction of the plasma in the direction of alkalinity.3 The extension of R is, however, so large that it does not seem probable that it can be entirely referred to an increase of base balanced by protein. There Beginning 24 hours after operation, four injections of sterile and warm 0.9 per cent sodium chloride solution, each of 400 cc., were given into, the peritoneal cavity, the first three at 6-hour intervals and the last one after a 12-hour interval, i.e., 1600 cc. of the sodium chloride solution were given during the first 48 hours following operation. Beginning 96 hours (4 days) after the operation, three injections of sterile and warm 0.82 per cent ammonium chloride solution, each of 400 cc., were given into the peritoneal cavity at 6-hour intervals. The dog was permitted to drink distilled water to such extent as desired. Throughout the experiment it was kept in a metabolism cage and the large amounts of water containing gastric secretions which were vomited were collected over successive 24-hour periods. The stomach was not emptied by tube at the end of each of these periods so that the collections per 24 hours were only approximate. Urine was obtained by catheter during the first 5 days of the experiment at approximately 12-hour intervals. It is believed that the collection of urine over this period was complete. The dog during the 24-hour period of sodium chloride injections and for 2 days thereafter was bright and lively and apparently entirely comfortable, then gradually became dull and weak. The injections of ammonium chloride solution produced no arrest of the increasing apathy and feelleness. Twelve hours after the last injection and 6j days after the operation the animal was killed with ether.
FIG. 2. DIAGRAMS CONSTRUCTED FROM MEASUREMENTS GIVEN IN
This experiment was undertaken with the purpose of testing the probability that the lowering of plasma base following pyloric obstruction is due to a loss of base as well as of chloride in the vomitus and also to demonstrate that introduction into the body, of NaCl solution, because it supplies both of the depleted ions will tend to restore the volume of body fluids, whereas administration of water containing a salt, NH4Cl, which provides only chloride, will not check dehydration. The much greater structural significance of (Na") than of (Cl') has been discussed above. The urine specimens were collected for the purpose of obtaining data indicating the ability of the body to sepa- rately and correctly retain (Na') and (Cl') in the body fluids from the administered NaCl. In table 5 are given data obtained from five consecutive 24-hour collections of the vomitus which the animal provided after drinking the copious amounts of water. The collections during the remaining one and one-half days of the experiment were contaminated with urine and for this reason were not analyzed. That there occurs a very considerable amount of Na-as well as of Cl' in the vomited stomach secretions may be seen at once in the table. In all except one of the specimens Na' was found to an extent of somewhat more than half the equivalence of the Cl' loss.5 During the fifth day of the experiment the dog began to grow dull and feeble after having been until then bright and lively. The total of Cl' lost from the body in stomach secretions during the first four days of the experiment was, according to the measurements in table 5, 2300 cc. 0.1 N which is approximately the amount (2480 cc. 0.1 N) introduced into the body during the second day. The estimations of fixed base excretion in the urine given in Table 7 make evident a large removal of Na' by way of the kidney immediately following the injections of NaCl solution in addi- tion to the steady loss in the vomitus. The onset of symptoms during the fifth day, roughly indicate that by then the benefit of the NaCl solution injected during the second day was dissipated by subsequent loss of the replaced elements. The fifth day specimen was large, con- 6 That is, the measurement of HPO4" is stated in terms of the base equivalence indicated by the BH2PO4: B2HPO4 ratio as determined by the pH of the specimen.
The base equivalence of the organic acid excretion was estimated by subtracting a calculated value for free organic acids. This was obtained by subtracting from a measurement of the titratable acidity of the specimen (to pH 7.4) the amount of BH2PO4 in the specimen in excess of that which would obtain at pH 7.4, the data used here being the total HPO4" excretion and the phosphate ratio corresponding to the pH of the specimen.
The other acid radicals, Cl' and S04" carry, of course, their full equivalence of base into the urine. tained a much increased amount of Na' and of Cl' and curiously, instead of being strongly acid as were the preceding, was markedly alkaline (pH 7.9). An appreciable amount of K' was found in this specimen but the total of (Na') + (K') was far short of the (Cl') measurement. This specimen was moreover strikingly different in appearance from the preceding ones, being straw colored instead of presenting a faint whitish opalescence. It was also found to contain a large amount of protein (11.4 grams.) and to this constituent may probably be referred the obliteration of HCI acidity.
The extent to which isotonic solutions of NaCl and of NH4C1 respectively tend to support a normal composition of the blood plasma is indicated by the measurements of plasma values given in table 6 . The attempts at measurement of (Na') in the first two specimens were unfortunately failures. It is probable, however, that some degree of depletion of (Na') had occurred during the 24 hours following operation. At any rate, following the injections of sodium chloride solution during the second day of the experiment, plasma (Na) was found to be 324 mg. per 100 cc. which is approximately its normal value and with which may be compared the measurement of 294 mg. found at the same interval after operation in experiment II. The value of the injections of NaCl solution in restoring the water content of the body is well shown by the measurements of plasma protein and also by those of body weight. Benefit from the injections was strikingly apparent in the behavior of the animal. For two days following them, it was as bright and lively as a normal animal. Relief of thirst during these two days was indicated by the relatively small amount of water drunk.
During the fifth day there occurred a large reduction of plasma (Na') and (Cl') and a large increase in protein. As has been mentioned, the animal began to grow weak and dull. A marked increase in thirst was also evident. The injections of NHI4Cl solution were given during the next 24 hours. These entirely failed to arrest the increasing feebleness and apathy of the animal. As may be seen in table 6, the changes destroying the normal composition of the plasma continued. In spite of the 1200 cc. of water given, dehydration of the plasma as indicated by the protein measurement, increased. This large amount of water was eliminated so rapidly that, during the 24 hours that it was given, there occurred an actual loss of body weight. Following the first injection of NH4C1 solution, urination became so frequent that separate collection of urine (by catheter) and vomitus was abandoned. In the last sample of serum obtained, owing to the increase in protein and (Cl') and the fall in (Na), (HC03') was greatly reduced.
Measurements of calcium and phosphorus were made in most of the serum samples. Except for a relatively large increase in phosphorus in the sample obtained following administration of NH4Cl, the values found for these factors were nearly stationarv.
It is evident from these data that, although NH4Cl may be expected to restore the loss of (Cl') the other disastrous alterations of TABLE 7 Measurements of acid and base factors in urine, experiment III plasma structure will continue and may in fact be aggravated by the diuretic action of this salt. It must be admitted that the animal was in a condition of much more serious disrepair when the effect of NH4Cl was tested than when NaCl was given. The character of the data obtained, however, dearly indicates the unsuitableness of NH4Cl as a reparative agent. It may also be mentioned that the introduction of NH4Cl solution into the peritoneal cavity was evidently irritating to a degree which should we believe, from the point of view of practical therapeutics, entirely forbid the giving of this salt by clysis. There remains for brief discussion the data from consecutive 12-hour collections of urine covering the period of administration of NaCl solution. These are presented in table 7 for the purpose of showing the removal of the excess of Na' over Cl' presenting for excretion in the urine owing to the larger deficit of (Cl') than of (Na') within the body. The usual situation, an excess of acid over fixed base claiming excretion which is met chiefly by a regulated production of ammonia, is here reversed. The chief purpose of these data is to illustrate the fact that when fixed base claims excretion in the urine in excess of the sum of the acid radicals requiring removal, the body possesses in carbonic acid a substance which is abundantly and adjustably available in defense of other acid components of the body fluids. Gamble (9) has shown that owing to a stationary concentration of H2CO3 in the urine, the amount of base which can enter as bicarbonate is a function of the pH at which urine is produced. At the usual pH of urine it cannot contain an appreciable amount of bicarbonate, a fact which excellently suits the usual need for an economy of base in the process of acid excretion. Adjustment of urine pH in the direction of alkalinity produces a rapid increase in the amount of bicarbonate entering the urine. These circumstances permit the use of carbonic acid as a means of conserving other acid components of the body fluids in a manner quite analogous to the defense of fixed base which the regulated availability of ammonia provides. The acid as well as the base side of the ionic structure of the body fluids is thus protected by the presence of a factor in the construction of urine which is widely adjustable.
The measurements of the acid factors in the urine are given (table 7) in terms of base bound at the reaction of the urine specimen.5 The amount of fixed base in the urine is taken as the difference between the sum of the acid factors and the ammonia measurement. The collections as regards 12-hour intervals were not sharp. Their character in this respect is indicated by the creatinine measurements. As may be seen in the table, Cl' is, except in the first specimen, permitted to enter the urine to only a very slight extent. Following the injections of NaCl solution there occurs a large but brief rise in the excretion of fixed base. This rise is seen to be chiefly balanced by an increase in HCO3'. The data are presented graphically in figure 4 , and by way of further illustration the acid-base composition of the specimen (no. The secretion of an extremely alkaline urine following administration of this neutral salt clearly demonstrates the separate metabolism of its component ions.
DISCUSSION
It will be noted that we have used in this study the point of view that the failure of physiological processes and death following experimental obstruction of the pylorus may be reasonably regarded as referable to the continued reduction of the volume of the body fluids in consequence of a progressive demolition of their sustaining structure caused by the loss of Cl' and more significantly of Na' in vomited stomach secretions. The beneficial effect from introducing Na and Cl' into the body along with water is therefore regarded as being due simply to repair of this structure permitting recovery of a normal volume of body water. The data from these few experiments accords satisfactorily with this view.
In 1912, Hartwell and Hoguet (10) showed that following duodenal obstruction a dog could be kept alive for several weeks by replacing the loss of body water with physiological salt solution. They believed that the effect of the salt sDlution consisted simply in preventing dehydration. MacCallum and his co-workers demonstrated that following pyloric obstruction in dogs, the fall in plasma (Cl') and the increase in (HCO3') with the accompanying symptoms of gastric tetany could be prevented by injections of isotonic NaCl solution.
Recently Haden and Orr (5, 11) have published extensive studies of plasma changes following experimental pyloric and upper intestinal obstruction. Their measurements show the large fall in chloride accompanied by more or less rise in bicarbonate and an increasing accumulation of the products of protein metabolism. They have tested the therapeutic efficacy of administration by clysis of a great number of salts: KCI, NH4Cl, CaCl2, MgCl2, KI, NaBr, Na2SO4, MgSO4, NaH2PO4, and Na2HPO4; and have found all of these to be of no benefit and, as is not surprising, often harmful (12) . They have quite thoroughly demonstrated, however, that injection of NaCl solu-tion tends to restore normal plasma values and greatly prolong the life of the animal (7) . The loss of Na' as well as of Cl', which we have shown, would apparently completely explain the unique action of NaCl as consisting simply in the fact that it is the only one of this long list of salts containing both of the ions specifically required for plasma repair. A much more elaborate explanation has been put forward by these authors. In interpreting the findings from their many experiments, they use the conception, derived from the work of Whipple, that the symptoms and death following obstruction are due to absorption of a toxic body. The accumulation of urea and of nonprotein nitrogen in the plasma is not referred to renal disability following dehydration, but to rapid destruction of protoplasm caused by the poisonous agent. The lowering of (Cl') in the plasma they state can only in part be explained by loss in vomited secretions since it is found when vomiting is slight and also in rabbits, an animal which cannot vomit. They infer that Cl' leaves the plasma in quest of the toxic body. The benefit of the administered NaCl is therefore described as protective rather than reparative (13) .
Obviously the few data given in this paper do not justify our contesting the views which Haden and Orr have developed from their extensive studies. However, they at least indicate, we believe, that the physical explanation (dehydration) of the events following pyloric or upper intestinal obstruction and of the beneficial effect of NaCl solution should be thoroughly tested as regards its sufficiency before accepting the additional and not easily credible hypothesis which these authors have devised.
SUMARY
Following obstruction of the pylorus, there occurs in the vomited stomach secretions a loss of Na' as well as of Cl' from the body. The sum of the concentrations of the acid radicals in the body fluids being determined, owing to adjustability of (HCO3'), by the fixed base concentration, a loss of Cl' does not deplete the total ionic concentration whereas loss of Na' does and also removes an equivalence of HCO3'.
Reduction of the ionic content of the body fluids by withdrawal of Na' is the significant factor in the rapid dehydration following pyloric obstruction. The increase of (HCQ3') in the plasma, which tends to occur following pyloric obstruction, is an automatic consequence of the depletion of (Cl'). The degree of alkalosis is, however, usually greatly lessened by reduction of plasma base due to loss of Na'; by extension of the base equivalence of plasma protein caused both by an increase in concentration of protein and of plasma alkalinity; and, possibly, by an increase in the concentration of organic acids.
Following administration of NaCl solution, the surplus of Na over Cl' presenting for excretion, owing to the greater depletion of the latter, is conveyed into the urine as bicarbonate.
CHEWICAL NSTEODS Blood serum: Using a Luer syringe, samples were taken from the jugular vein and then delivered through small bore glass tubing under oil into a centrifuge tube. Chlorides were determined by a modification of the Van Slyke procedure essentially as described by Myers and Short (14) . Bicarbonate was measured by the method of Van Slyke (15) and ketone acids by the method of Van Slyke and Fitz (16) . The methods of Kramer and Tisdall were used in determining sodium and calcium (17, 18) . Pkosphate was measured by the method of Howland, Haessler, and Marriott (19) , and urea by a micro modification of the urease method. Protein was calculated from a determination of plasma refractivity according to Robertson (20) .
Vomitus: Sodium and potassium were determined in ashed samples by the methods of Tisdall and Kramer (21) and chloride as in blood serum. Protein was calculated from a Kjeldahl measurement of nitrogen and pH was determined colorimetrically.
Urine: The specimens were obtained by catheter and were collected under oil. Bicarbonate was calculated from measurements of total CO2 and of pH according to Gamble (8) . Phosphates (inorganic) were determined by the uranium acetate method. Sulphates (inorganic) were weighed as barium sulphate according to the method of Folin (22) . Chlorides were determined as in blood serum. The organic acid excretion was measured by the method of Van Slyke and Palmer (23) . pH was determined colorimetrically under oil, using the comparator method of compensating for the color of the specimen. The measurements were made at room temperature. B Although it is here argued that loss of Cl' is not significant as regards the causation of dehydration, its replacement along with Na is obviously necessary in order to prevent alkalosis.
